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CONTEXT

Space accessibility is one of the four pillars (others being space economy, 
space society and space diplomacy) supporting a Space 2030 Agenda, as 
established after UNISPACE+50.

7

• The Agenda envisions strategies and activities to 
strengthen the contribution of the space sector to the 
achievement of global targets, such as the SDGs.

!

• In particular, space accessibility responds to the 
underlining fundamental goal of sharing the benefits of 
space exploration amongst all nations.

!

• Reduction of inequality of opportunities in the growing 
and diversifying space sector, and enhancement of 
international cooperation in space, are at the basis of 
efforts to build a peaceful future of outer space.
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DATA AS AN ENTRY DOOR 
TO SPACE

8
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orbit & outer  
space Among the different avenues 

for space accessibility, data 
stands out as  
• the most sustainable entry 

point,  
• providing a cheap and 

secure starting level,  
• based on education and 

capacity building
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It also offers a  
• cost-effective avenue for 

international co-operation 
for development,  

• whereby local groups and 
new players can be quickly 
welcomed into the global 
arena,  

• and impactful “south-south” 
co-operation can quickly be 
initiated.

Data is specially relevant for space accessibility, and the distribution 
of the benefits of space exploration today.



5

“Open Universe” was originally proposed by Italy as an initiative under the 
auspices of COPUOS, during the preparations for UNISPACE+50. 

ORIGINS OF THE INITIATIVE

4

• Main goal is to dramatically expand the availability and access to space science data, 
responding to the growing demands of transparency on the use of public resources and of 
the societal returns of science. 

!

• Motivated by (i) from one side, the evidence of the increased rate of production of 
scientific data in all fields, including space science, and the responsibility to convert such 
data into effective knowledge; (ii) on the current context in which technological barriers to 
data sharing and access have been dramatically reduced, opening up new opportunities 
for knowledge dissemination and inclusion.
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  “Open Universe” proposal, an initiative under the auspices 
of the Committee on the Peaceful Uses of Outer Space for 
expanding availability of and accessibility to open source 
space science data. 
 
 

  Proposal by Italy 
 
 

 I. Background 
 
 

1. The 2030 Agenda for Sustainable Development will require effective, 
enhanced and innovative tools to support its implementation. Among those tools are 
the ones offered by space science and technology, which could act as both an 
enabler and a catalyst for the efforts of countries with regard to progressing towards 
internationally agreed development goals and for sustainable development. 
Advancing international cooperation in the peaceful uses of space science and 
technology and increasing the use of space-derived data and information are at the 
core of international efforts for harnessing the benefits of outer space for 
development in the post-2015 framework. 

2. The General Assembly, in its resolution 66/71, emphasized the significant 
progress that has enabled humans to explore the universe, and the extraordinary 
achievements made over the past fifty years in space exploration efforts, including 
deepening the understanding of the planetary system and the Sun and the Earth 
itself, in the use of space science and technology for the benefit of all humankind. 
Also in that resolution, the General Assembly stressed the need to look more closely 
into how advanced space research and exploration systems and technologies could 
increase benefits, in particular for developing countries. Moreover, in that 
resolution, the General Assembly recognized that the Committee on the Peaceful 
Uses of Outer Space, assisted by the Office for Outer Space Affairs, serves as a 
unique platform at the global level for international cooperation in space activities 

Original Open Universe 
Proposal at 59th COPUOS:  !
A/AC.105/2016/CRP6
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I - Dramatic increase in the volume of data produced in astronomy 
and space sciences
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From Data Centres to Computing Centres

Distributed data centres are not cost effective.  
In the next years services are likely to be integrated in large computing centres 

supporting experiments generating Big Data.

Distributed data centres Centralised (“cloud”) computing centres
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Open Science

Space Telescope Science Institute Archives

The example of the Hubble Space Telescope
7

c. 50% of HST 
papers are from archival  

(re-use) data

Unique authors chart

HST has one of the best-serviced data 
archives amongst astronomical 
observatories, which resulted in an increase 
of 2x the number of science publications 
and number of papers  and unique authors.



US National Academy of Sciences 
Publication output for major astronomical facilities
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c. 50% of HST 
papers are from archival  

(re-use) data

Discovery in the media 

Science with 
Hubble: 

— age of the Universe

— Universe 
expansion rate (Nobel 
'11)

— Supermassive 
Black Holes (Nobel 
’20)

— Distribution of 
matter in the Universe 
(dark matter)

Assessment of Options for Extending the Life of the Hubble Space Telescope: Final Report

Copyright National Academy of Sciences. All rights reserved.

THE IMPACT OF HUBBLE: PAST AND FUTURE 23

HUBBLE IN THE SCIENTIFIC AND POPULAR PRESS

Nearly 5000 scientific papers have been published based on Hubble observations, and the publica-
tion rate in refereed journals is currently about 500 per year. Except possibly for the Chandra X-ray
Observatory, which rivaled Hubble in terms of papers published in 2003, Hubble outstrips all other
telescopes by more than a factor of two in both the quantity of papers published and the rates at which
they are cited (Figure 3.5).

The importance of Hubble science is clear to all—one need not be a trained scientist to know that
unveiling the birth of stars and galaxies, finding billion-solar-mass black holes, and helping to discover
an entirely new form of energy in the cosmos are ground-breaking milestones in the history of science.
But progress in fundamental science is not the only way to judge Hubble’s achievements. To the list of
science highlights can be added an even longer list of spectacular images that, though not necessarily in
the top 10 scientifically, have had extraordinary public impact by virtue of their sheer beauty or arresting
novelty (Figure 3.6). Among these one might list the big “black eye” left by comet Shoemaker-Levy’s
direct hit on Jupiter, an image that alerted the public to the dangers of asteroids and comets hitting Earth;
a panoply of jewel-like planetary nebulas that illustrate the ultimate death of our Sun; portraits of planets
in our solar system, including auroras on Jupiter and Saturn; and, of course, the spectacular “pillars of
dust” in the Eagle nebula that appeared on nearly every front page in America and became iconic for
Hubble itself. Intense public interest in Hubble is borne out by many media studies of its impact; an
example of the results of such an assessment is shown in Figure 3.7. Having garnered sustained public
attention over its entire lifetime, the Hubble Space Telescope is clearly one of NASA’s most noticed
science projects. In effect, Hubble has become a model that shows how NASA can combine its own
unique expertise with that of scientists to educate the public about the natural world.
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FIGURE 3.5 (left) The number of refereed scientific papers produced annually based on work enabled by major
leading telescopes. (right) The number of citations in the scientific literature annually to papers produced from
work enabled by major leading telescopes. The criteria used to assign papers to a telescope are parallel for all the
telescopes shown here.

Assessment of Options for Extending the Life of the Hubble Space Telescope: Final Report

Copyright National Academy of Sciences. All rights reserved.
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FINDING: Astronomical discoveries with Hubble from the solar system to the edge of the uni-
verse are among the most significant intellectual achievements of the space science program.

SCIENCE IMPACT OF HUBBLE SERVICING MISSIONS

Hubble today is not the same telescope that was launched in 1990. A series of servicing missions,
summarized in Table 2.1, has repaired many key components, added new observing modes, and in-
creased existing capabilities, typically by factors of 10 to 100. As a result, Hubble now produces much
more data per unit time than it did originally. If the total data rate summed over all instruments can be
taken as a rough measure of spacecraft productivity, Figure 3.8 shows how science data volume and thus
productivity increased as a result of each of the three servicing missions that added science instruments.
The total rate of calibrated data has grown by a factor of 33 since launch. A further increase is expected
with the installation of Wide-field Camera 3 (WFC3) and COS, each of which would provide more than
a 10-fold improvement in scientific efficiency and sensitivity with respect to previous instruments.

FINDING: The scientific power of Hubble has grown enormously as a result of previous servicing
missions.

FIGURE 3.7 The cumulative impact of various NASA space science programs as indicated by media coverage.
“Discovery points” reflect the number and importance of news stories appearing annually in “Science News.”
Courtesy of STScI/NASA.

Open Science
The example of the Hubble Space Telescope
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II - Evolution of information technology opens new opportunities 
for data sharing, accessibility, and utilisation.

 

4 V.16-03483 
 

A/AC.105/2016/CRP.6  

 
 
 

 III. Proposed initiatives and actions  
 
 

12. In this context and with these objectives, we would like to propose the 
following: 

 (1) Establishing under the auspices of the Committee on the Peaceful Uses 
of Outer Space and with the support of the Office for Outer Space Affairs of 
the United Nations an initiative to provide independent external review of the 
quality and performance of providers across the world of extra-terrestrial 
scientific data to the benefit of all potential users. 

 (2) Tasking the Office for Outer Space Affairs with elaborating and regularly 
updating an Open Data Index listing the reviewed providers according to a 
published set of criteria on the ease, quality, completeness and timeliness of 
material made available for research, educational and common users’ 
communities at all levels of knowledge and expertise. The Office would also 
be tasked to consult and participate widely in relevant international  
space-science initiatives in order to: further encourage innovation in this 
domain, cooperation among countries and the use of best practices; to 
campaign in favour of expanding the access to open source science-ready data 
provided by both established and emerging providers; to advance the provision 
of a new category of web-ready data suitable for portable devices.  

 (3) Organizing an international workshop on the availability of and 
accessibility to open source space science data. Italy would consider hosting 
such a workshop in collaboration with the Office for Outer Space Affairs at the 
beginning of 2017. It would be open to experts and data providers from all 
interested countries and its outcome would be part of the process leading to 
UNISPACE+50. 
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Preliminary Objectives
INCREASE TRANSPARENCY of already accessible resources: including 
promoting FAIR (Findable, Accessible, Interoperable, Reusable) guiding 
principles, promoting the adoption of widely-used standards, processing from raw 
data to web-ready products, enhanced data-mining and integration solutions, 
interfacing and facilitating cooperation between data providers and data centres 
DQG�DUFKLYHV«
RESURFACE DATA and other hidden or otherwise hardly accessible 
resources: by identifying inaccessible data and working with national and regional 
entities to solve the challenges to make them public, including legacy data, as well 
as bringing new main players and actors in the international space science arena 
into the Initiative and in contact with other public data access solutions.
BROADEN THE USER-BASE of astronomy and space science data: to include 
as well the rapidly growing community of citizen scientists, by providing the 
necessary tools to use astronomy and space science data for a range of target 
groups, including educators and students, planetariums, amateur scientists or other 
potential end-users; and by promoting STEM education, particularly among 
women and youth in developing countries.
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RESURFACE DATA and other hidden or otherwise hardly accessible 
resources: by identifying inaccessible data and working with national and regional 
entities to solve the challenges to make them public, including legacy data, as well 
as bringing new main players and actors in the international space science arena 
into the Initiative and in contact with other public data access solutions.
BROADEN THE USER-BASE of astronomy and space science data: to include 
as well the rapidly growing community of citizen scientists, by providing the 
necessary tools to use astronomy and space science data for a range of target 
groups, including educators and students, planetariums, amateur scientists or other 
potential end-users; and by promoting STEM education, particularly among 
women and youth in developing countries.
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Transparency Matrix
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Prospects for a New Era of Data Transparency and Open Science 11
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Talking 
transparency

Speechless 
transparency

Apparent
transparency 

High availability

Low availability

Medium availability

Limping
transparency 

Apparent transparency: Open Data have a medium/low level of usability, even if the
accessibility of data is very high;
Speechless transparency: Open Data does not have transparency at all;
Limping Transparency: Open Data shows a high/very high level of usability even if
the accessibility of data is very low/low;
Talking Transparency: Open Data shows a potential optimum level of quality of
transparency. In this stage, transparency is communicative

TRANSPRENCY MATRIX DEGREE OF OPEN DATA

Mute Transparency: Open data have no 
transparency; 

Apparent Transparency: Open data have low 
usability level, even if accessibility is high;


Partial Transparency: Open data have a high 
usability level, even if accessibility is low;


Communicative Transparency: Open data have 
good quality level and accessibility. At this stage 
effective transparency is reached.



“Sustainability” of open data  
for Development
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The basic resources (e.g. IVOA) are already in 
place. 

With some small-ish effort the entry barrier can be 
further lower to welcome a growing and diverse 
number of actors. 

Developmental and societal impact is the best 
argument for justifying additional expenditure to 
maintain services by e.g. large missions. 

Increased cooperation reduces costs in the long-
term.



Knowledge-based society?
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Planet Hunters TESS I: TOI 813, a subgiant hosting a transiting
Saturn-sized planet on an 84-day orbit
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A. R. López-Sánchez,17,18 A. W. Mann,16 E. J. Safron,2 M. E. Schwamb,19,20

K. G. Stassun ,21,22 H. P. Osborn ,23 J. Wang,24 A. Zic ,25,26 C. Ziegler,27 F. Barnet,28†
S. J. Bean,28† D. M. Bundy,28† Z. Chetnik,28† J. L. Dawson,28† J. Garstone,28†
A. G. Stenner,28† M. Huten,28† S. Larish,28† L. D. Melanson,28† T. Mitchell,28†
C. Moore,28† K. Peltsch,28† D. J. Rogers,28† C. Schuster,28† D. S. Smith,28†
D. J. Simister,28† C. Tanner,28† I. Terentev28† and A. Tsymbal28†
Affiliations are listed at the end of the paper

Accepted 2020 January 6. Received 2019 December 20; in original form 2019 September 12

ABSTRACT
We report on the discovery and validation of TOI 813 b (TIC 55525572 b), a transiting exoplanet
identified by citizen scientists in data from NASA’s Transiting Exoplanet Survey Satellite
(TESS) and the first planet discovered by the Planet Hunters TESS project. The host star is
a bright (V = 10.3 mag) subgiant (R! = 1.94 R!, M! = 1.32 M!). It was observed almost
continuously by TESS during its first year of operations, during which time four individual
transit events were detected. The candidate passed all the standard light curve-based vetting
checks, and ground-based follow-up spectroscopy and speckle imaging enabled us to place
an upper limit of 2 MJup (99 per cent confidence) on the mass of the companion, and to
statistically validate its planetary nature. Detailed modelling of the transits yields a period of
83.8911+0.0027

−0.0031 d, a planet radius of 6.71 ± 0.38 R⊕ and a semimajor axis of 0.423+0.031
−0.037 AU.

The planet’s orbital period combined with the evolved nature of the host star places this object
in a relatively underexplored region of parameter space. We estimate that TOI 813 b induces
a reflex motion in its host star with a semi-amplitude of ∼6 m s−1, making this a promising
system to measure the mass of a relatively long-period transiting planet.

Key words: methods: statistical – planets and satellites: detection – stars: fundamental pa-
rameters – stars: individual (TIC-55525572 – TOI 813).

1 IN T RO D U C T I O N

The Transiting Exoplanet Survey Satellite (TESS; Ricker et al. 2015)
is the first nearly all-sky space-based transit search mission. Over
the course of its two-year nominal mission, TESS will observe
85 per cent of the sky, split up into 26 observational sectors (13 per

! E-mail: nora.eisner@new.ox.ac.uk (NLE);
oscar.barraganvillanueva@physics.ox.ac.uk (OB)
†Citizen Scientist, Zooniverse.

hemisphere) that extend from the ecliptic pole to near the ecliptic
plane. Targets located at low ecliptic latitudes (around 63 per cent
of the sky) will be monitored for ≈27.4 continuous days, while a
total of ∼2 per cent of the sky at the ecliptic poles will be observed
continuously for ∼356 d. This observational strategy means that
TESS will provide us with a plethora of short period planets (!20 d)
around bright (V ! 11 mag), nearby stars, which will allow for
detailed characterization (e.g. Barclay, Pepper & Quintana 2018;
Gandolfi et al. 2018; Huang et al. 2018; Esposito et al. 2019).

Longer period planets will, however, be significantly more
difficult to detect. This is partly because the transiting probability

C© 2020 The Author(s)
Published by Oxford University Press on behalf of the Royal Astronomical Society
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Citizen-science are co-authors in 
MNRAS article baseado on a 
project from zooniverse.org

Paper at Research Notes of AAS 
totally lead and authored only by 

citizen-scientists.

http://zooniverse.org
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Examples from Citizen-
Science

Knowledge-based society?
Results

LSSUM catalog

Firmamento is just great!

● Many catalogs
● Organized by 

wavelengths
● Skymaps
● Spectral energy 

distributions…

19

https://firmamento.hosting.nyu.edu         

https://firmamento.hosting.nyu.edu
https://firmamento.hosting.nyu.edu/home
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firmamento.hosting.nyu.edu
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openuniverse.asi.it
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mmdc.am
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PILLARS OF THE OPEN 
UNIVERSE INITIATIVE

Ulisses Barres | World Space Forum 2019 | Vienna

Preliminary Objectives
INCREASE TRANSPARENCY of already accessible resources: including 
promoting FAIR (Findable, Accessible, Interoperable, Reusable) guiding 
principles, promoting the adoption of widely-used standards, processing from raw 
data to web-ready products, enhanced data-mining and integration solutions, 
interfacing and facilitating cooperation between data providers and data centres 
DQG�DUFKLYHV«
RESURFACE DATA and other hidden or otherwise hardly accessible 
resources: by identifying inaccessible data and working with national and regional 
entities to solve the challenges to make them public, including legacy data, as well 
as bringing new main players and actors in the international space science arena 
into the Initiative and in contact with other public data access solutions.
BROADEN THE USER-BASE of astronomy and space science data: to include 
as well the rapidly growing community of citizen scientists, by providing the 
necessary tools to use astronomy and space science data for a range of target 
groups, including educators and students, planetariums, amateur scientists or other 
potential end-users; and by promoting STEM education, particularly among 
women and youth in developing countries.

© Daniel Garcia-Yarnoz / UNOOSAOutcomes from the UN Open Universe Workshop, 2017
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STEPS TOWARDS THE OPEN 
UNIVERSE INITIATIVE 

12Ulisses Barres | World Space Forum 2019 | Vienna

June 2016 Original Italian proposal 
to COPUOS

April 2017 Experts Meeting at ASI

Nov 2017 Open Universe UN 
Workshop in Vienna

June 2018 UNISPACE+50

“Enhanced data activities”

Feb 2019 COPUOS STSC 

Side Event

June 2019 “Zero Draft”

Space 2030 Agenda

Next Step Open Universe 

Kick-off meeting

Experts Meeting @ ASI, Feb 2017

http://www.openuniverse.asi.it/documents/ou_documents.php 

United Nations Workshop, Nov 2017

http://www.unoosa.org/oosa/en/ourwork/psa/schedule/2017/
workshop_italy_openuniverse.html 

UNOOSA Report on Open Universe:

http://www.unoosa.org/oosa/oosadoc/data/documents/2018/
aac.105/aac.1051175_0.html 


“Zero Draft” 2030 Agenda:

http://www.unoosa.org/oosa/oosadoc/data/documents/2019/
aac.105c.22019crp/aac.105c.22019crp.24_0.html
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All necessary instruments are in place from the side of Brazil 

and UNOOSA to move ahead with implementation



What is next for Open Universe?
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Open Universe is the right concept for a UN-based Capacity Building 
Initiative 

   It is a focus point for development actions, connecting various 
actors around the world. 

There is an ever-growing set of infrastructure and institutional support 
to sustain capacity building activity. 

   The next step is to connect the demand to providers, in a 
sustainable capacity building initiative.



What is next for Open Universe?
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A first capacity building event is being planned for next year, in 
hybrid format, based in Rio. 

Partnership with various data / tool providers will be called to join 
the training and help shape up the event. 

The event will be done under the auspices of UNOOSA and co-
funded by the BR Ministry of Science, and open to the inputs and 
participation of all UN Member States and 


